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AOTATOAV CAANKSHAFT 



Line 08 

Of .This inuention relates to an apparatus which produces 

.a mechanical conversion from or between rotary and linear 
.or non -rotary mechanical motion, 
.(subject matter) 

.Hitherto such conversions haue been applied by a range of 
.mechanical an electro-mechanical devices, which are not 
.as suitable for some applications in mechanical and 
.nautical engineering. 
1 B .Prior Art ( Details: Aefer to Appendiu 4 - Prior Art and 
Aebuttals of Prior Art in Contention ) 

.List: 

.the Common Single and Double crankshaft, 

.the James Watt Sunuiheel crankshaft, the Cog and rachet 

.wheel crankshaft, the Scotch Yoke crankshaft, the Bell 

.crank, the epicycloidal crank. 

. Nautical Steering Systems: 

.the quadrant and pinion, the hydraulic piston and arm, 
1 9 .the travelling screw and arm (electric). 
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. Steering systems: worm gear and quadrant, worm gear 

. and worm gear sector, worm and nut, worm and worm- 

. gear sector (connected to approximately linear drag llnle). 

.(prior art) 

■ — « — 

.The object of this invention is to produce a 
.conversion from rotary to linear or non-rotary motion or 
.vice-versa , which is superior for some purposes, 
.(objects) 

30 . 

.Recording to this Invention a diskus rotary crankshaft 
.apparatus consists of: 

.(A), a frame which houses the apparatus and to which 
.components are attached rigidly or non -rigidly with 
.appropriate constraints of motion. 

.(B). a shaft which can rotate about its axis when driven by 
.mechanical or electromechanical means and which 
.incorporates a cam or an equivalent crank pin shaft. 

40 .The cam can in the limit be circular as with an eccentric 
.or shaped to apply the force more surely and exactly 
.to the surface if forces are large or the tolerances 

43 .are large and make the point of contact given by a circle 
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.insufficiently precise. 

.(C). a 'quoit'- disk, or 'connecting disk* , denoted 'kondiskus' 
., which is engaged to the main shaft uia the cam surface 
50 .and the 'quoit'-bearing or inner bearing of the kondiskus. 
.This outer disk is free to rotate independently about the 
.inner cam like a 'quoit* . 

• 

.(D). a conrod and yoke with a bearing which is engaged to 
.the 'quoit' disk or outer disk at the yoke-bearing. 

• 

.(E). a guide bar or slot to assist in the support of the 
.yoke. 

■ 

60 .(F).a slot or cylinder to guide and support the end of the 
.conrod. 

■ 

.(G).a configuration in which the mainshaft center of 
.rotation is on a line perpendicular to the kondiskus line of 
.linear motion or line of reciprocation through the 
66 .kondiskus center or virtual center (the assymmetrlc 
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.configuration) . 

a 

70 .(F). a configuration in which the mainshaft center of 

.rotation is on a line which is the condiskus line of linear 
.motion (the symmetric configuration) . 
.(statement of inuention/consistory) 

« 

. R rotatory crankshaft constructed in accordance with the 
.invention will be described by way of enample only, with 
.reference to drawings Figures 1,2,3 and 4 . 

» 

.The frame is made to support the apparatus and main- 
00 .shaft bearings and mechanical connections and 

.control connections. Ref. Figure t, G1 , 62 and Figure 4. 



.The mainshaft (MSI) is supported on bearings attached 
.to the frame . Ref. Figure 4 

.The mainshaft torque can driue the conrod via the cam and 
.condiskus or the conrod force can driue the mains shaft 
.except at two neutral points, fln appropriate periodic 
.force and flywheel or mass is required. In , eg. nautical 
09 .stearing applications , the motion is slow and intermittent 
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.and a flywheel Is not required. 

* 

.In the symmetric configuration the stroke and return 
.stroke are symmetric. Ref. Figure 3 

.In the assymmetric configuration the stroke and the return 
.stroke are not symmetric. Ref. Figures I and 2. 
.The dimensions and ratios of dimensions are not fined 
.but, must uary within limits. The cam must rotate 
.within the limits of the Kondiskus. 
108 .The surfaces Gl and G2 , Figure 1 , are constraints 

.which produce a linear sliding motion. If the application 
.required it , they could also moue through an angle 
.thus modifying , but not preuenting motion. 

m 

. Addendum 1. The Centers Ca and Cj and C2mustnpJ_ 
.be the same . 

. Addendum 2. The outer Connecting Disk (Kondiskus) 
.does not rotate through a full circle . It rotates sectorally 

110 .and oscillatorally . 

Addendum 3. The extreme rotation of the sector is not 

112 .exactly the same as the extreme displacement of the 
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.conrod (eKperimental observation) . 

. Addendum 4. Other intermediate states between the 

. Symmetric and eKtreme Assymmetric are possible by 

. selection of other centers on the 'Circle of Centers'. 

. C Figure 4 - Circle of Centers ) 

.(specific description) 

120 . 

.The Claims denning the invention are as follows : 

.Claim 1. 

. This type of Rotatory crankshaft consists of : 
.(fl) a main shaft and cam or inner disk which is supported 
.on bearings and can rotate in a circular motion carrying the 
.cam with it. 

.(B) an outer disk , denoted 'kondiskus* . in which the main 
.shaft and cam rotate within an inner or 'quoit' bearing. 
130 . 

.(C) a yoke and yoke bearing within which the outer 
.disk or •kondiskus* can rotate to the etitent of the motion 
. produced by the mainshaft and cam. 
134 . 
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.(D) a conrod attached to the yoke . The conrod moues 
.with a stroke and return stroke .which can be symmetric 
.or assymmetric depending on the configuration of the 
.centers of the main shaft, cam, and kondiskus. 



.(E) A restraint on the conrod head directing its motion, 
.usually linearly. An additional constraint , or slide guide 
.on the sides of the yoke if large forces are encountered. 

■ 

.Claim 2. 

.The two configurations possible and the range of 
.dimensions off the cam and the range of locations of the 
.centers make it possible to design a wide range of 
.strokes and motions of the conrod head. 
158 . 

.Claim 3. 

.The property of producing linear reciprocation of the 
.conrod means the a piston pin is not required in many 
.applications . In a horizontally opposed engine two piston 
.pins are not required . 

157 . 
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.Claim 4. 

168 .The structure of the yoke and disks can be made to be 
.immensely strong. The conrod can be solidly attached to 
. or cast or forged or machined as part of the yoke and the 
.piston or other drilling mechanism. This is an aduantage 
.with nautical stearing systems as the rudder can be 
.subject to uery large forces and also weigh many tons . 



178 
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AS SYMMETRIC MODE 
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SYMMETRIC MODE 




FIGURE 3 2 I® 
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BEARINGS 



MfllNSHHFT 



FIDUCIRL 

'CIRCLE OF CENTERS' 
OPTIONS OF C2 RELATIVE 

TO Co (OA UICE UEASA1 

UARIOOS 

C2 





CENTERS 



F I GORE 4 



CM 
LJ 
X 



MR IN SHAFT.. 
AND CAM 
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FIDUCIAL LINE 
MOTION 




RETURN STROKE 



(CiC 2 l 

CONSTANT MAGNITUDE K C C 

THE COMPASS IS SET AT RADIUS Kcc 
DRAW TO CUT LINE Kc2 . CCf C2> 
CENTEA Ci 
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UECTOR ANALYSIS 



Aj, = IC&Cj) 

^ is a unit uector 
tC£ C^ ) is a uector 



DIAGAAM A2/1 

FIDUCIAL LINE 




SET OF CARTESIAN CO-ORDINATES 

OAIGIN Co 

i 

THE MAGNITUDE OF UECTOR (CiC 2 ) - *12 A CONSTANT 

IT IS A NON -LOCALISED UECTOA. (AEF.2 , PP 1 1, 62) 

THIS COAAESPONDS UJITH THE KOND1SKUS , WHICH HAS TWO DEGREES OF 
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FAEEDOM IN THIS CASE, EHCEPT THAT THE CENTER C 2 CONSTRAINED TO 
THE LINE OF MOTION Hc2 , IN THIS CRSE , (BUT NOT NECESSARILY IN ALL 
CASES). 

C£ = Aa + Bk DIRGBAM R2/2 



C0 






■? — 

ROTflTION 98° 


C2 


K C 2 



a = «i i + m j ♦ zi k 
K 2 i + y2J + Z2k 



CARTESIAN ijk UNIT UECTORS 



NOW IF THERE IS NO MOTION RL0N6 THE MR IN SHAFT AHIS DIRECTION , 
(IT COULD OCCUR), THEN zi - 0 z 2 = 8 

a. - hi I + yi J initial hi = 0 , yi = yie> (CflCi> 

£ = H2i + y 2 j iniial «2 - 0 , y 2 - (CiC 2 ) 

(CiC 2 ) ■- (C B Ci) + (-UC 8 C 2 ) 

yi2 - (-)yoi + yo2 

UNLOCRLISED. 

THE VECTOR «i_ , ROTATES ABOUT Ce , mt IS CLOCKWISE (ANGLE OF 
ROTATION , B IS ANTICLOCKWISE. 

y v u,t 



K 




Hi »HieCOS(TT/2 - lilt) yi 
SRRKKLRRIOR IP RGENCV PS/C/B6H - 6J 
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IN THE FIAST QUARTER UJT * C-)lf/2 ,SO , Ki=K|0 AND Ui = 8 
2 Hie - U18 = /CqCi/ UJHICH IS A RADIUS U ECTOR 

ANGULAR FAEQUENCV 111 = 2lt f FREQUENCY OF MAINSHAFT f 
a. « ( K0a cos(ir/2 - uit)) i + (yea sln(TT/2 - uit)) j 

fii(xe.t) + fij(ye't) 

THE CO-ORDINATE TO BE DETERMINED IS THE CO-ORDINRTE K 3 , UJHICH IS 
THE CO-ORDINRTE OF THE ■ KONOISKUS CENTER C 2 ON THE LINE K C 2 • 

fi. - JL - a 

JE. = K3 i + y3 j 
NOW y 3 IS CONSTANT IN THIS CASE AND PAOBARLV IN MOST 
APPLICATIONS. THE LINE Hc2 COULD RE IIAAIED DUDING THE MOTION. 
ROTATORY RUIRTION ENGINES EG THE B.R.I RUIRTION ENGINE HAD 
CYLINDERS WHICH AOTATED (REF.1 UOL1 PAGE 61). 

a - fu(K0 f t) i + fij(ye.t) j 

£ m h 3 i + K c j j U3 - K C j CONSTANT 

k •* L ~ 3. UECTOR JL IS NON-LOCALISED 

SO 

a - (h 3 - f i j(K0,t) ) i + (K C j - fij(yB.t))j 

NOW a - Ct Zg. WHICH IS OF CONSTANT MAGNITUDE Kcc 

/a/ 2 - (Kcc) 2 

- Ck 3 - fii(x e ,t)j 2 + (K cj ~ fijCye.tn 2 

« (K 3 2 - 2 H 3 fli(Ke,t) + fli(K0,t) 2 l 

+ [K C j 2 - 2 K C j flj(Ke.t) ♦ flj(UB.« 2 I 



z 
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ASA QURDRRTIC 

{H 3 2 



- 2 K3 fli(H 0 ,t) 



+ [fli(K 9 ,t)2 K C j 2 - 2 K cj fij(yo,t) + 



fij(yo.t) 2 1 



- (Kcc> 2 



0 



EQUATION 01 



EQUATION U1 IS SOLUABLE FOT A GIUEN TIME t . 
IT G1UES THE DISPLACEMENT x 3 , ALONG LINE K C 2 • 

IT IS ASSUMED THAT THE LINE «C2 > IS CONSTANT . IT COULD UOAV , 

EG +/- 20° , UIJTHOUT IMPEDING THE MOTION , ALTHOUGH IT WOULD 
ALTER THE PHTH OF MOTION . IN MOST PRACTICAL APPLICATIONS Rc2 

IS 0 CONSTANT DIRECTION LINE . 

THE PHYSICAL FOAMULR , EQUATION 02 , GIUES THE 
DESIGNER OF A MOTION f(H,t) , GREAT SCOPE TO SELECT CONSTANTS TO 
OPTIMISE THE MOTION FOR THE PROPOSED PRRTICULAR APPLICATION . 



AEF.1 AOTOMOBILE ENGINEERING U0L.1 P61 6 UOLUMES 

AMEAICAN TECHNICAL SOCIETY 

CHICAGO 1922 , COPVAIGHT 1989.... 1922 

"THE ROTARY FORM MUCH RESEMBLES THE FIHED RADIOL , THE 
DIFFERENCE BEING MERELY IN THE UflLUE- OPERRTI NG MECHANISM 
.IGNITION GEARING , AND THE LIKE , DUE PROUISION BEING MODE FOR 
THESE TO FUNCTION RS THE CYLINDERS AOTOTE ". 

AEF.2 ELEMENTAAY UECTO A ANALYSIS PP 11,62 LOCALISED UECTORS 

C. E. IDEATHERBURN 
LONDON G. DELL & SONS LTD , COPYRIGHT 1921 ....1 953 , REUISED 1955 
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flPPENDIH 3 
. THERMODYNAMIC CONSIDERATIONS 

3.1 .The crankshaft can be applied to thermodynamic systems 
.eg steam engines , refrigerators and internal combustion 
.engines . This is one but not the sole application of the deuice 
. Quote REF.2 U0L.1 , P 67 

3.5 ." , All automobiles in this country, England, and many other 
.foreign countries, are rated by means of the formula which 
.was originated by the Aoyal Automobile Club of England, 
. adopted by the Association of Licensed Aotomobile 
.Manufacturers, then by its successor, the National 

3.10 .Automobile Chamber of Commerce, and, finally, by the 
.society of Automobile Engineers. Its form is 

h.p. - D 2 N/2.5 

.in which 0 is the bore of the cylinders, N the number of 
.cylinders, and 2.5 a constant worked out from tests on a 
3.15 .number of automobile engines. In other words, to find the 
.rating horsepower of a motor, square its bore, multiple by 
.the number of cylinders, and divide by 2.5 . 
. The formula can be simplified to the following form : 

3.19 . h.p. « D 2 N * B.4 
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3.41 .per reuolution, the same S.fl.E. pomer at 1,080 r.p.m. as the 
.motor with the slower piston speed has at 1 200 r.p.m. 

The deuice described in this specification , glues the 
.engine designer the option of using the assymmetric mode 

3.45 .of the deuice to increase piston speed without increasing 
.the speed of reuolution of the crankshaft. 
.The thermodynamic implications would depend on the 
.specific design , eg the fuel used, the use of a 
.turbocharger . 

3.50 .The S.R.E. formula, does not apply to diesel engines, steam 
.engines or refrigerators. The factor of piston speed is of 
3.52 .thermodynamic significance in these systems. 
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APPENDIX 4 

PRIOR RRT RND REBUTTALS OF PRIOR ART IN CONTENTION 

4.1 PRELIMINARY DEFINITIONS OF TERMS AND NOTATION 

4.2 UECTOA ANALYSIS 

4.3 REBUTTALS 

4.1 PRELIMINARY DEFINITIONS OF TERMS AND NOTATION 
4.11 IDENTITY OF DEUICES ANALYSED 

4.1 1 1 APPLICANTS DEVICE 

PROVISIONAL PATENT No. 2803903244 ROTATORY CRANKSHAFT 
SHOATLY REFERRED TO RS D*/PRKEN 

4.1 12 UNITED STATES PATENT No. 5,664,464 
DATE OF PATENT SEPT 9 1997 
DOUGLAS TIMOTHY CARSON 

D/CARS 

4.1 13 UNITED STATES PATENT No. 4,411,16 
DATE OF PATENT OCT 25, 1983 
PETER DURENEC RND AUBAEY J. DUNN 

ASSIGNEE - THE UNITED STATES OF AMERICA AS REPRESENTED BY 
THE SECRETARY OF THE A AMY, WASHINGTON DC 

D/DU & DU 

4.114 INTERNATIONAL PUBLICATION No. UIO 95/13414 
INTERNATIONAL PUBLICATION DATE 18 MAY 1995 
GALUIN , GEODGE FREDERIC 

D/GALU 
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4.1 1 5 DEUTSCHES PATENTAMT PATENT No. DE 44451 31 A1 
DATE OF PATENT 27-6-96 

LIEB1CH MAK (DA) 

O/LIEB 

4.116 INTERNATIONAL PUBLICATION No. UIO 88/88325 
INTERNATIONAL PUBLICATION DATE 17 FEB 2888 
OZDAMAA HRSAN BRSBI 

D/OZDR 



4.12 NOTATION THE UECTOR RNRLVSIS (GEOMETRIC) IS SIMPLIFIED 
TO UECTORS IN ONE PLANE AS THE DEUICES DESCRIBED, 
HEREIN, CAN BE DESCRIBED, MOSTLV, B¥ UECTORS IN ONE PLANE. THIS 
FACILITATES THE GEOMETRIC CONSTRUCTION OF UECTOA DIAGRAMS. 

4.121 THE UECTOR (FORCE AND UECTOA LENGTH) 

THE UECTOR IS REPRESENTED BV A LINE - AB 

THE FORCE UECTOR IS REPESENTED BV AND ARROWHEAD 
WHICH GIUES THE UECTOR DIRECTION 

RB 

THE UECTOR LENGTH IS REPRESENTED BV THE LENGTH OF THE LINE 

RND THE ARROWHEAD GIUES THE UECTOR DIRECTION. THE UECTOR MRV 

CORRESPOND TO R PHYSICAL LINKAGE. 
IF IT IS R 'LOCALIZED UECTOR' .THAT IS, THE UECTOR 

IS FIKED AT THE POINT *0' , THEN THE POINT IS >1eNGTH 
LABELLED '0' , THE ORIGIN. IN THE DYNAMIC DEUICES 0 
THEHE IS USUALLV ONLV ONE ORIGIN EG. THE MAIN SHAFT 
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(POTENT S1PE(DQ(FQ(C(R1¥Q®N 

[PAUSE 24 IE 5ffl 
(PIRIEE 3 OF 2® WPA 

MECTilHS UNKRGE - THE RRROUJ RLSB 1H1EIPIR1ESENTS mtN 
'EGPQiKlILENT UIEOOH LINKR6E* YGD TOE COMPONENT DM TOE iEBJBCE, 
EOT OS BN BENERRL MSOL R PMWSOCRIL HMDID UNCCRBE DYSELF. 

4 J 22 IDODLDZEKB CM BINLODCRLOZEOll HJECTOtHiS 

TOE °ILeC8B(L02Ee BEOTDR' PMBCIH1 DORS ©ME EN© (HIS SO FINER IP EBB MIT p 

cnNNiunr moode ©toeiri TOflflN fflUBomnrTME fo&be© ip©ont rs © "mtotoe 

DDEOIR' ©OB CNRNGE OTS MRGND1I1BEJHE FD&SE© ©HflflflSON B © 9 (BEONGB 
QBNRILTrEREB. 

TOE s N©N-G.©C(H)[LOZE© BJIEOTO' CRN NiiE RNWHilHIERE ON TOE OJlEETiQB 
PURINE SUBJECT HI TOE "CiNSTMONTS 9 DMP©SE© BV OJNCCfflfBES ©(Hi 
EQIDDBIinLENT BJNKRGES RNO MECC«0SHS ©EQflflSE© (HIS P«I ©F TOE 
ONMENTOBDE ©(H) ©ESDEN [PROCESS. 

4.H23 TOE TTGDROTE QDEOIIR flTTOGSKlIE RNB © B SPQ.IH1CEIM1ENTD 

TOE HIIBBBQDE iEOTOR BS (RIEPiRlESENirE© AM TOE 88-1? PURINE BW RN 
mmW IPECFBR QfljlD™ R SHRUB. CBRCLE OMAN© TOE nRflBUJHEBB. TOE 
N©TRfiTB©N SOMPLDFIES TOE RiEPCBESENYKlTOeN ©F T©IR1©GIJE. TOE TTOOODE BS 
BILMVS ON TOE ©OG8ECT01N ©F TOE 2 RHDS PERSPEN©BC©LR]Rl TO TOE 
H-V PURINE. OTT OS , MEUSEON BNLV, BLBBBVS 0 HJBOIBZEGD nJEOTDR 
CBMTOTBDJE JRKS6DQ01T (Rl FfliHiE© ©ROQSON tf © 9 . 

TOE RM6BLRR OPELiCOmP BS SOOTIIBPN lEJI? . 52 R)N© 03 SRBRT R) OB SB ©BP 
BF SDR OS TOE "BJENBsTO R" , TOEN "D"CIDlS3a?l!U)E 1 ©OPES 
R F©R1CE fl F 9 (PERPENiiCBJIiOllR TO ©R) (HIT P©QNT W 

L = F lES B OB OS ©.II METER, 

L BS 2© NEMliniDN-METER 

F = 2G9/09.1I = 2®i NEQflTON BPPOJEB (HIT "R 99 
TODS N©TOTD©N BS RBRQBIRnnE F©(8 CRRWK (PONS, ECCENTOOCS SON! CRMS. 

SflRKKUaROOR BP flNBSMEW PS/C/OBSQ - &l) 
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4.124 OR I HER RNO DRIUEN COMPONENTS 
THE OEUICE, USURLLY, IS REUERSIBLE IN ITS DIRECTION OF 

PRIMARY FORCE. E.G. , fl CRANKSHAFT MAY DRIVE A PISTON TO START 
AN ENGINE AND THEN THE PISTON OAIUES THE CRANKSHAFT, 
INTERMITTENTLY. THE REUERSRL OF THE DIAECTION OF FORCE MAY BE 
INDICATED BY A NEGRTIDE SIGN (-) OR (NEG DECTOR) OR BY REDERSAL 
OF THE DIRECTION OF THE ARROW- HERD . 

B 

R ^A 

4.125 EKRMPLE - THE COMMON DOUBLE CRANK SHAFT 
UECTOR ANALYSIS 



FIDUCIAL LINE Y 
ORIGIN 

(H 0 , Uo) 




DIAGRAM A4/1 
Lab CONSTRAINT LINE H 

B H 



MAIN CRANKSHAFT CENTER- '0* , ALSO FIHED POINT OF LOCALIZED 
UECTOR , ALSO ORIGIN OF CARTESIAN SET OF COORDINATES 
CRANK LINK PIN- *A\ AADIUS OF ROTATION *R' , CONROD LENGTH L a b 
PISTON LINK PIN - 'B' LINEAR CONSTRAINT PAOUIDED BY PISTON UJBLLS 



A GAAPH OF 'PISTON DISPLACEMENT* U s 'DOTATION ANGLE' CAN DE 
CONSTRUCTED. LINE OK IS THE 'LINE OF RECIPROCATION' . 
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4 J 2(5 ttJECHlfiB CUDSSES OF @E0J)O(CES - CLASSES OF MECMfflNOSM 

tciooss b 




NOTE IL CON E?E PMBOTLE EG SP03BNOS 
CLOSS 2 TOM BJEODGB OEM 0 EES 
EE TME (EOMHON OiBMSILE CGB0ONIX: BONO 
CONIRSOGL (CONSTMNT OBtF PBSTON PBN TO SDH 0 HDL OflflOEIDTilON fl r 
CLASS 3 TIKIKEE BUECTiK BDEiDCES 

E© BO SEE-SEW B ■ 0 IE 




4 J 2© TUBE PDBOMOPLE ©IF EOOJJOBD0OLENT GOEiBCTBON OF 0 SET OF BDECTOlRiS 

TMBS MfiOTTEIRi BS ONE."!? CONSOOEKEO OS BT BS UMIPOBOTONT BN TOE 
BDECTOK ClIRISSflFflCfflnrOOM ©F ONE ©IF TUBE iEQUOCES ODNflDLTOP GMEON. 
TOE MiiMENT MUDHJL EBE MSEHD 9 BUT NOT EHCLUSODIIEILV. TOGOT BE TOQD 
OEPBCE iElLONiB TO TPJ© GDOFFEBOENT GDECTOGO CLASSES, TBOEN TOE OEIMQCES 
AAE, ON TBflOS POONT RHONE, SOISTBONTDIIOLI^ (IDBFFEBOENTo 
Effi, (HI ttflflOLBJIE LOFT CAM,, 0 BflNflflJlEOTO CLIR1SS OF iEOJJOEE, OS 
i AFFERENT TO 0 iEHL MONK, (HI TlHIlHiEE PECTOOB CD. (HISS OF 1E0DBCE. 

CONS 0 B3EIR AD SOL BO [BLOCK OF METOL a QPBTIHl BO FOEBEE GOPPL0E03) GOT ONE 
ENO B QMHKIDCIHI OS FBOEE TO MOPE DN TME S W OBKECTDON. TOBS (COMPONENT 
DS QBESOBDIBEi W ONE QDECTOIR}.. 1 



=t> 



SOPPOSE TBOBOT TOE METOH. OLOCCC BS (DOT COT TOE PLtHlNE KW 150 STGM(B(HIT EDBJTUr 
IIP 05) CRIME! CEOTp PEBSFEOIU' NiffONUOlL TO TOE PLBONE. 



REACTION FO08CES ORE 

SMKIMIOIB DP GSGENEV 
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ONE WOULD tiSL CLRSSIFV THIS RS R 4 UECTOR CLRSS OF DEUICE. 

PROUIDED THRT THE FORCES RRE NORMAL TO THE SURFACES AND THAT NO 

DIRECTIONAL CHANCES OCCUR THEN THIS SET OF FORCES IS REDUCIBLE 

TO ONE FOOCE f 8 , OS ORIGINALLY. 

EUEN IF THE INTERFACES SLIDE RELRTIUE TO ERCH OTHER DUE TO SOME 
OTHER FORCE, THE EQUIUHLENT DEDUCTION IS STILL UAL ID, IF THE ACTION 
OF THE FOACE IS UNALTEAED. 

HECTORS - COMPRAISON OF DEDICES (DIFFERENTIA) 

1. FIDUCIAL UECTOR CONFIGURATION 

2. UECTOD CENTEAS 

3. UECTOA ROTATIONS 

4. UECTOD CLASS 

5. UECTOA DYNAMIC MOTION 
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4.2 UECTOR ANALYSIS 

4.21 DEUICE D*/PHKEN 
THE DEUICE IS CLASSIFIED AS THREE UECTOR DEUICE, PHYSICALLY. THE 
MOTION CAN BE ANALYSED USING A 'REDUCED SET OF UECTORS' OF TWO 
UECTORS. THE PHYSICAL PATHS OF THE UECTORS IS CONSIDERED BECAUSE 
THIS DEUICE D*/POKEN AND DEUICE D/CARS HAUE COMPLEK UECTOA 
SYSTEMS AND COMPLEK UECTOA DIFFERENCES. 



THE LOCRLIZEO UECTOR C B Ci , ROTATES THROUGH R CIRCULRR CYCLE 
ABOUT FIHED POINT C 8 p (H 0 » Yq) . THE MAIN SHAFT TORQUE ABOUT 
CENTER C 0 GIUES A NON-LOCALIZED UECTOR FORCE WHICH IS NORNAL 
TO THE BEAAING SUAFACE AT POINT «a* , AND IS TAANSMITTED TO THE 
BEARING SURFRCE AT POINT «P» . THE NOAMAL REACTION IS THROUGH 
THE CENTER C 2 . IT K IMPORTANT TO NOTE THAT THE HEACTION UECTOA 

HAS CHANGED DIRECTION . 

SRRKKLRRIOR IP R6ENCY PS/C/R6R - 6J 





NORMRL REACTION 



FORCE P 




PATENT SPECIFICATION 

PAGE 29 OF 5B 
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THE REDUCED UECTOR SET, WHICH IS THE MINIMUM REQUIRED, COMBINED 
WITH PATH AND BOUNDARY CONSTRAINTS, TO DESCRIBE THE DYNAMIC 
MOTION OF THE DE UICE IS OBTAIN ED BY UECTOD ADDITION. 
CiP + P C2 - C1C2 

THIS CAEATES A COMPLEH SITUATION WHEN COMPHAISONS AAE MADE 
BETWEEN DEUICES. 

THIS IS A THAEE UECTOR DEUICE, PHYSICALLY, AND A TWO UECTOA 
DEUICE AS A DEDUCED SET , TO PLOT THE MOTION PATHWAY. 

THE 'SECTORAL' MOTION 
THE MOTION OF THE 'YOKE* DISK < OA THE DISC IN THE YOKE BEAAING OA 
THE "KONDISKUS) IS A 'SECTORAL MOTION" NOT A CIRCULAR OR FULL 
CIRCLE MOTION. 

THE SECTORAL MOTION OCCUAS IN BOTH THE SYMMETBIC AND 
ASSYMETRIC MODES 

EKPER I MENTAL OBSERURTION 
TYPICAL DIMENSIONS WERE USED EHPER I MENTALLY. THE CENTERS C 0 , 

C1 , CRN BE UARIED WIDELY AND INDEPENDENTLY, PROUIDED THAT, THE 

RELATIONSHIP .INITIALLY, C 2 , C 8 , Cf , IS MAINTAINED. 

NOTE : DUDING THE FULL CIRCLE ROTATION OF THE MHINSHHFT THE 
CENTER Ci , PASSES BETWEEN THE CENTERS C fl AND C2 • 

NOTE: THE CENTER C 8 , AT POINTS ON 'CIRCLE OF MAINSHAFT CENTEA 
OPTIONS' . 
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ASSVMETAIC SVMMETAIC 




SECTOAAL MOTION ( APPAOK 178° ) SECTOOAL MOTION (RPPAOH 98°) 
MAINSHAFT AOTATION CoCi 8° , 98° , 1 88° . 278° . 



OIAGAOM A4/3 
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4.22 OEUICE D/COBS 
THIS DEUICE CONSISTS, IN PART, OF CRANK JOURNALS 32A AND 328, AND 
A CRANK PIN 34, (P7,LINE 51) UJHICH ENGAGES AND AOTATES ON HOLE 46 
(P8, LINE 27) AND THE HOLE IN CAM 48 (P8, LINE 29). THE HOLE 46 
HAS BEARING SURFACES THAT INCLUDE THE CYLINDRICAL PORTION OF 
CAM 48 (P7, LINE 67)(P8, LINE 1). IN FIG 2T0 FIG 8, THE CAM 
(CYLINDRICAL PORTION) AOTATES FREELY ABOUT CRANK PIN 34. 
THE CAM (CYLINDRICAL POATION) IS FREE TO ROTATE IN BEARINGS 
28A AND 288 (P7, LINE 63-64). THIS BEARING IS RIGIDLY RTTRCHED TO 
THE CONROD 22 (FIG 1) . 

NOTE: NO COMMENT ID ILL BE MADE ABOUT THE OTHER COMPONENTS 
OR FUNCTIONS. 




CAM 48 
(CENTER Cd ) 



BERRING 28R , 28B 



H 



Y 



JOURNAL 32A 



(CENTER Ce ) 



DIAGAAM A4/4 
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DIAGRAM R4/5 



CAM ^ 

(DISK WITH BEHAING HOLE 46) 




NOTE : THE CRANK PIN RADIUS AND THE CAM RADIUS ARE THE SAME 
LENGTH . (MODULUS OF LENGTH UECTORS IS THE SOME.) 

REF. P4 LINE 24 -26 . QUOTE THE CENTER OF CONNECTOR ROTATION 
WHICH IS CONFINED TO RECIPROCATION IS A DISTANCE OF ONE 
CAANKPIN RADIUS FROM THE CRRNKPIN CENTER .' UNQUOTE 

REF. P1 1 LINE 39 -44 . QUOTE 'BECAUSE THE CHANK CENTER (CENTER 
OF CRANK AOTATION) 58 AND THE CENTEH OF CONNECTOA AOTRTION 54 
COINCIDE AT MIDSTROKE , THE DISTANCE FAOM THE CRRNKPIN CENTER 
52 TO THE CENTEH OF CONNECTOR ROTATION 54 IS EQUAL TO THE 

DISTANCE FROM CRRNK CENTER 58 TO CAANKPIN CENTER 52 AND THUS 
EQUAL TO THE CAANKPIN OFFSET.' UNQUOTE 

NOTE: THE CRRNKPIN CENTER RND THE CRM CENTER COINCIDE AT 
MIDSTHOKE . 

REF, Pf 1 LINE 39 - 44 . QUOTED OBOUE. ALSO, AEF. FIG 5 SHEET 2 OF 4 
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pmnnENT speed FoonroiN 



PGQI5E 33 ©F 5© 
PGUBE (SB ©F 2® 



MDiOTBBCCE 



FODMKCONIL LONE 



EEOTEKS E© ([CKIRINCCJ 
EENTEOB Cub dCffllM]) 



EENTEBBS 




EiDNEOiE 



OJNE ©F C3EE0PIME1ITON 



DDDBIBBBMI OM/fi 

MOTE ; (BflBTM TOE EGM1NCC AND TOE COafm BBSTOTE COOTOMifiDllBSIL'i? 1MRBIDGH 
SOJICEESSOOJJE FQJHLfl. CTCtLES , ON ©PPOSDTE ©BOftEETONS ©F GMTGWOGBN . 
iEFo IPS LONE ©5 - ©7 09N&) P4 (LONE H 2 . 

©J©TE 8 TOE EONNEETiIRi : ([111 BNEB.TOES E©NNEET(B)[R] E©OJ)N¥EI»ED (BOATS 5 
(2D M(BS R PBMETEGMNE© SPEEDED. SOZE , MG3SS RND BDONEMSOiN ; ([311 
TOTBWES DM CUM ODNGQOILBft ©OffiEETDBBN ©PPiSOTE TM^T §F TOE CBflDNCCSHfflOT 
5 (4) HOIS (HI STTOCCE F©QD88 TOMES TME CBBNKPIIN OFFSET ON BN BD&8DS IDF 
IMDPIR)©E!K)TB©N ; „ = . 4 QDN(S]©©TE 

TOE oDGOHMflN© POONT 

toe bbsoc m prooMMV ©edddee tenubs t© jbm omr hiogdstoocce. 

N© tUMMEm lflMO.IL BSE HTOE OBBOIUnr TME ©TOEB E©MP©NENTS QDB3 
F©NETO©NS„ MSB E©MMEN¥ QflDDO.IL BE MOTE ©N BNTfl~J©MM]0N(!i5 
E@MP©NEN¥S 

0BEF o !P2© OJNE 41-54 ©TOTE " TODS BJ©yQJ) WOT BE PBSSDBLE F©B 
MDEOfl BPM BIPPILQEBTOBNS QflflOraiBJT E©NNEET©B E©0JNTEB11I1J)EQ(BIK]TS TOE 
TO TOE MBGNBTQllflDE ©F TOE ONEBTOKl F©BEES TOBGMflflsM MIISBKE. ON 
TOESE EBSES TME BEEOPBiEOTNi MEEMBNDSM QTOflM FBQJL BEDDDNIB) TIME 
CRRNKPON BS OT IPBSSE© TOTOTODD MO©STB©KE (RlESIllJILTON© ON E&CESSOQJJE 
F©BEES CAN© FBBETO©N BS BT EOTGOflT BBECC UP BFTEB MlfliSTBiCCE ©05 DT 
MMDV EflflEN MWio 9 UNQ1HDTE 

SGBESKDC0.GQR0OIH) HIP (SlffiENCT PS/C/M - fed 



0 



<B 

pmnENir sPECOFOGinnrioN 
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COMMENT TIH1E OBBIOIUE PRiPERW OF TBQE POBBMGDOT BRSOC iNDT 
BS fl CRITOCO&L PROBLEM „ HMO EM OS STiTEi BV TTME 
[PffiJTEMTEE - AWIlflENTOBL 
NO CONNECT ttJUOLL (SE MRiE MUM TME RiOOIMiNRIL 
COMPONENTS (RlWi FEGTOtFlES RNO , TTME EFFECTS , KIM OCT MlKl^ 
HUES BON 0BQB¥ TM Q § POTBILEM.. 
REF„ PI BJNE S3 -S3 flDOflflUTE "TOE SECONBRRW ONTEBMEE iETOMEEN 
TOE CRGBNCC RNi TTME RECIPROCATING MEMIBEIR EBB SOLOS EO ON 0 o S o POT"- 
NO. 4„(i)58)J(&$ BSSODEO TO IIDD(U)G(LR$ T. CRRSON ON RPR. 21, 11987 , 
FOR a EN(BBNE' DBMflD TME SECONdBOOT DWlEKEmCE tBETIDEEN TME CONNECTOR 
mm TTME MOOSONGB OS OBSCLlSEi ON U.S. PRT. N®„ 4,832,373 BSSMEID) TO 
D0U6LRS T 0 CRRSON ON JON. 112, fl§>8® , FOR 'MOTHON CONOiJERTDN© 
MECBflRNBSM' , TME OBSCiOSiRE OF COT fl COO ODRE ONCOfflPOGWEi MEREBN 
BV REFERENCE EMMONRinE TME SECOND DEGREE OF FOBEEOOMI TOBOOIBIHI 



KEF, P2 BJNE 2® - 34 OJOTE "TOE PRDOR RRT MOTBON CONflflERTflNO 
MECMRNBSM DME SEBUEKtRllL OOSRORORNTROES , SiCBti RS 

FOB? EHRMHP0.E s CUD WD TTOOEW MUD 0 ME RiODTfliNRQ. MOBDDNIS 

COMPONENTS , RS OESCROM) ON U.S. PHT. NOS. 4,fi58,708 RND 
4,832,373 USEE RBOUPED , OTMER TTMRN TME G3RS0C MINOT CONS B STONE OF 
ONE ERRNCC (RISSEMGM ONE CONNECTOR RN! ONE RECBPROCRTDN© 
MEMGBER TO FOLtLI? E5R0.RNCE TBGE MRCQOONE. 1 ' BDNOJOTE 
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POTENT SPEC OFOCHTO (DIN 

PME 55 ©F Si 
PffiHBE ®BB ©F 2® fRlPP,,4 
DBE(F 0 P2 LINE 5© - 65 ROMfE 6 DT BS Gil STALL FURTMER ORJECT 8DF TOE 
ANiENTON W PROP DDE 89 MRCDQQNE TOOT DNCLIDRES (HI IRlECBPRiCRTSINIB 
HEMiER COGIJPLEi TO R RQTRRV MENE8ER BW R SPEC BUBO. CRNNECTRR 
iflDTM CONNECTOR [C©aflW¥E13llIU5EQC!5QffTS AND OOfLSOD DNCUDHDES SDN 
DNTERMBTTENT SECGHNIH)RR ( y BNTEMCE (BETHJU1EEN TOE CRRNCC GBNGD TOE 
RECQPR©C(R)¥IIN(S MEMBER TO BNSIMRE CSBNTDNiflW ©F D3ECD!PB?®CIR1¥0M© 
MEMHER MOBJJEMENT TOROQIKGIK] TOE (CENTER GDF ERCH STOiGCEo' mNQUOnnE 

REE- IP® LDNE 57 - (SO BUMjiTE 6 TOE CONNECTOR 114 DNCORPiRRTES 
DNTERMBTTENT SECiNiRR'y OOTEBBFIRKCES 44R RNDD 44® TO BNSMRE 
CONTONiOTIP GBF KiECatPOSOCtmirOMffi MEMRER THOROUGH TOE (CENTER GDF EBUtCOB 
STROCCE RNi DNCORPORRTES (CSQDHlTEiKlUlPE 0 ESMTS 42B8 RNBB 42ES TOOT 
CRiSE . - . - a MNOMOTE 

REF, PH2 LDNE47 -4® OTOTE 'HOI1DEOER , SIS TOE CRRNKPBN 
CENTER 52 RPPRiRCBQES M0OSTR1CCE B TOE RELRTOONSIKIDP FIGS TOE 
PRDMiRW MECMililNflSM PDTO ©BUT R SECQDNiftRV BNTERFRCE (BECOMES 
LESS ©EFONEGL 11 yN[ffli(fl)¥E 

Wo P12 LBNE®3-i&$ RNBB PUS LOME 11 - 115 Q&QDOTE 8 RECRiSE 
OF TODS RELOT1NSMDP (LPIHIERE TOE EMRNIBE ON TOE SOME OF TOE RNELE 
OS BJEGW SMRLL COMPRREO TTi TOE COQRNISE BN TOE COS11NE OF TOE RNQBLE 9 
TOE CENTER OF CiNNECTOR RODTIHITI] ©N 54 SEODERRL COM EflDSHLV RE 
SEQJERRL UDEIBREES ©R EQJ1EN MORE RMER© OF OR REDODNOD TOE CRRNCCPBN 
52 RT MOOSTROCCE, FQHRTOERp dTO POD , SBNCE TOE SET OF RNEBLES IDDTO 
SONES ESEWTDRILLV RPPRRRCMflNB 11 ONCLOSQDE TOE RNGBLES FROM RGOTHDT 
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POTENT SIPECDFOCRTOiN 

FTOE 3(5 ©F SO 
PfflHBE ®1B ©F 2® RFM 

®5 ©EtBREES TO §5 §E©REES , TRE CENTER ©IF C©MNECT©R BBSDTCDTTll.OW 54 
CfiDIUlLi R©N SWSTRNTORB.L'tf RMERi flBCRl RERUN© UTS TOE©RETDCRL P©SO¥0©N 
BSEtLtmTflOJE TO TOE CRRNKPDN CENTER 52 ESPEORIULW OF RECGMBCRTONiB 
MEMBER ASSEMBLE 11® OS SGJRdJECTE© T© B.RR6E FRRCES TO OUT RRE ON 
TOE iQ RECTO (SDN ©F RECDPROCfl^llON TOMTOM TME [P©OT©N OFNOiSTOiKEo 
0fc3 R©iOT8 ON, R SEE©N® ©ESREE ©F FREETOM ESS 0 SIS RT ES8RCT 
M0©STR©CCE OMEN TOE CENTER OF CiNNEODR R©TOT©N 54 
C©0NCB©ES OJOTO CRRNCC (CENTER 5© . RT ESSRCT ©STRIKE , OT OS 
(PiSSOlLE FOR CRANK RSSEMRLV 112 RN© C©NNECT©R 14 TO RttBTRTE 1D0TO 
TOE SRME ANGNHLAR BDELOCOW ON TOE SAME ©0RECTQ©N RESQDILTON© ON 
ZERi REC0(PR©CRT11©N M@¥0©N RN© QJEOLOCDW F©R TOE CENTER ©F 
C©NNECT©R R©TRTD©N 54 RN© REC0IPR©CRT0N© MEMRER RSSEMBQ.W 8© . 

R SECRNEDRRI? ONTERFRCE T© RQWBMENT TOE IF'RQMRR'tf MECARNBSMI 
(CRANK , CRRNOTQN , CKNNECYQBR , RGDGB RSSEMIL'tf RN© M©©S0N(£ OftDRLLS]) 
CRN EQJMONRTE TOE SECiN© ©E©REE ©F FREE©©M RN© TOE POSSOOWLOW 
©F RECOIFWCRTON© MEMRER RUDNNON© RDflER© ©R FRO. UN© REIKI IN©. DTS 
TOEiRETQCRIL P©S0T0©N REQ.RTOGJE T© TOE CRRNCC 

© S S S PRT. N©S. 4 a S5® 0 7©® s 4„545 s $)fl@ RN© 4 8 4®5 1 J(§© ©ESCRORE R 
SEC©N©RR1? ONTERFRCE BETBJEEN TOE CRRNK ASSEMBLE RNB31 TOE RO© 
ASSEMBLE RN© DD.S. PAT. N©» 4,@32,573 flBESCRIIRES R SECSNODARU' 
ONTERFRCE RETGMEEN TME C©NNECT©R RN© TOE M©OJS0N© PRILLS TME 
©OSCILiSiBRES ©F PMOCM RRE BNC© RIP ©RATE© MERE ON Btf REFERENCEo 9 ©0 

REF„ IP II 4 (LONE 5© - 52 ©J©TE 'TTTHIE^ EQJMONRTE RN 

INMERENT OiWEAKNESS ON TOE SBMIPQJFOE© ©ESOiN ©F TOE PROMRRI? 
MECOORNOSM RN© TOE SEC©NOMW ONTERFRCE ©JMERE „ „ ., . . B ©NOa©©TE 
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COMMENT THE RBOUE STATEMENTS BV THE PATENTEE- 1 NUENTOR 
SHOW THAT THE PRIMRRV OR BRSIC UNIT TENDS TO JAM. 



COMMENT RT MIOSTROKE IT IS POSSIBLE TO GET A CLOSED HECTOR 
FORCE TRIRNGLE. THERE MAY BE MORE THAN ONE MECHANISM BV 
WHICH THIS OCCURS , PERHRPS , DEPENDING ON COMPONENT 
ENGINEERING CLEAAANCES. 

NO FUATHEA COMMENT WILL BE MAOE ON MIDSTAOKE JAMMING 
AND NO DETAILED ANALYSES WILL BE MADE. 
COMMENT THIS IS PHYSICALLY A THREE UECTOH DEUICE IN 
MOST PHASES OF THE DYNAMIC MOTION . THE REDUCED TWO UECTOR 
SET HAS BEEN USED IN THE UECTOB ANALYSIS OF THE MOTION . 
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4.23 DEUICE 0/ DU C- DU 

THIS DEUICE CONSISTS, IN PART , OF A YOKE 1 1 WHICH HAS AN 
ELLIPTICAL SLOT 14 WITH ITS MINOR HHIS COINCIDENT TO THE 
CENTRAL LONGITUDINAL AHIS RUNNING THROUGH THE YOKE. INSIDE 

THE SLOT 14 IS A CIRCULAR CRM 15 CARRIED BY R SHAFT 16. 




DIAGRAM A4/7 

THIS IS A UNIUECTOA DEUICE. THE DIRECTION OF THE FORCE UECTOR 
URRIES WITH THE RNGLE OF ROTATION. THE UECTOR GIUES SPECIAL LIFT. 



SMtKKLflRtOR IP R6ENCV PS/C/860 - 6J 

11 




PATENT SPECIFICATION 

PAGE 39 OF 58 
PAGE 12B OF 28 APP.4 



4.3 DEUICE O/GALIf 
THIS DEUICE CONSISTS OF R SHAFT 4 . TO WHICH IS ATTACHED A TORQUE 
LOBE 6 , THE SHAFT ANO LOBE CONSTITUTE A CAM OR CIRCULRA 
ECCENTAIC. THE CAM ROTATES IN SIDE A BALL OR ROLLER BERRING 
WHICH IS INSIDE A DRIUE RING OR YOKE. A CONAOO 3 , CONNECTS THIS 
CAMSHAFT RND BERRING TO fl PISTON PIN 2. THE CRANKSHAFT CENTER 
OR CENTER OF SHAFT 4 , IS OFFSET FROM THE LINE OF RECIPROCATION 
WHICH PASSES THROUGH THE PISTON PIN CENTER AND IS PAR RLLEL T 
THE PISTON CYLINDER WRLLS. 

REF. P4 LINE 16-28 QUOTE 'AD U ANTAGEO USL Y , THE AHIS OF 
THE OH EACH PISTON IS OFFSET FROM THE HKIS OF THE OUTPUT SHAFT BY 
A DISTANCE EQUAL TO SUBSTANTI ALLY HRLF THE STROKE OF THE 
ASSOCIATED PISTON.' UNQUOTE 

AEF. FIG 3R-3D 
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DIAGRAM R4/8 

THIS IS A TWO U ECTOR DEUICE . 

LOCALIZED TORQUE UECTQA OA , WHICH AOTATES ABOUT FIHED 
POINT 0. 

UNLOCALIZEO FORCE AND LENGTH OECTOA AP . 

A LAAGE OFFSET WOULD PRODUCE A NON SYMMETRIC DISPLACEMENT OF 
POINT P ALONG THE LINE OF RECIPROCATION. 
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4.24 DEUICE D/LIEB 
THE CRANKSHAFT (A SHAFT) 33 IS RIGIDLY AND ECCENTRICALLY 
ATTACHED TO BERAING PIN 35 . THE BEAAIN6 PIN IS FORMED BY A 
ROUND , DISC-SHAPED ELEMENT 35 ECCENTRICALLY SECUAED ON 
THE CRANKSHAFT. 

THE CAANK 'UJEBB' IS ESSENTIALLY RN ECCENTAIC. THE BEAAING 32 IS 
A BALL BAERING. 

NO COMMENT IS MADE ABOUT THAT PBAT OF THE DEUICE BY WHICH THE 
CONNECTING PIN DAIUES A PRIR OF HOHIZONTALLY OPPOSED PISTONS . 




1 1 THIS IS A TUJO UECTOO DEUICE 



DIAGAAM A4/9 
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PATENT SPECIFICATION 

PAGE 42 OF 50 

PAGE 15B OF 28 APP.4 

4.25 DEUICE D/OZDA 
THIS DEU ICE CONSISTS OF A CRANK UJITH THE MAIN SHAFT AT FIHEO 
POSITION 20 , AND A CRANK PIN OR PEG 7 , WHICH IS CONNECTED 
ROTATABLV AND ECCENTRICALLY TO A DISC , WHICH IN TURN IS 
CONNECTED ROTATABLV AND ECCENTRICALLY TO A LAAGE ECCENTRIC 
WHICH IS MOUNTED IN THE CONROD BERRIN6 OR VOKE. 

NO COMMENT WILL BE MADE ON THE OTHEA MECHANISMS 




TORQUE UECTOA 



DIAGRAM A4/I8 
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PATENT SPECIFICATION 

PAGE 43 OF 50 
PAGE 15B OF 28 HPP.4 
THE MOTION OF THE HECTORS HB , BC COULD BE A UERV UIIDE RANGE 
OF PATHS. ElfEN WITH THE ATTRCHED MECHANISM THE MOTION 
OEPENDS AND UHRIES WITH SPRING TENSION RND PISTON PRESSURE. 
THE PATH SHOWN IN FIG, 2 IS ONLV ONE OF A WHOLE AANGE OF 
POSSIBLE PATHS OF MOTION. 

HEF. P 1 LINE 24 -26 QUOTE 'HOWEUER, BOTH ECCENTRIC PIECES IN 
THE CONNECTION HOD (4) RRE UNDER IMPACT OF THE SPRING , WHICH 
LEADS TO PROBLEMS DURING THE PRODUCTION PHASE.* UNQUOTE 




DIAGAAM R4/11 
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PATENT SPECIFICATION 

PAGE 44 OF 58 

PACE 1 7B OF 28 A PP.4 



THE DEUICE IS 'UNCONSTRAINED* . THE EKAMPLE GIUES A ROUGHLY 
CIRCULAR MOTION TO THE BEARING OR YOKE CENTER . 
THE FOUR UECTOR SYSTEM , ITSELF , WITHOUT CONSTRAINTS WOULD 
COLLAPSE TO SOME POSITION DETERMINED BY GRRUITATIONOL FORCES. 
THE DEUICE GIUES NO DEFINITE PATH OF MOTION FOR THE CENTER OF 
THE BEARING AND HENCE POINT P RELATIUE TO THE MOTION OF THE 
MAIN SHAFT OA . THE SPRING IS AN ESSENTIAL COMPONENT OF THE 
DEUICE. 
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4.31 BBEBJIDCE D/C1M8S 
TOE OJOFFEKENTIIIRI 



O^/IPffilCCEN 



II TME QDECTOM EEWTEIRIS MOST 
flNDTBIRIO.BJj 5 ®OTO IE (HIT TIME 
MBOSTIRlOGCE COMMON CENTER]. 

2 tme mm bjjectobb host be 

TOE SIRINE (LENTO). 

3 TME HBOSK IJ80TOTES ON OD FBJHLfl. 
CBBCLE. 

4 TME IB BSCC (E)©T(RITE§ ON TOE 
OIPPOSDTE OOOBECTOON TO TME 
CMNECSMMFT TOTGIIBJJE BECTBB. 



5 TME fEDODfltCE MBS ONE iOWHSILE 
TMIJflOMIl CTCIE OF BOSPIURICEMlE&nr 
QflflMflOfl B§ SHfHINlEraDC 

<S TME EfflSDC ONOT OF TME OEEDOCE 
QflPM D (C83 OS CUDMPRBODBLE (J1H5NS MT 
HOOBTOTKE. 

HCOBLB BE SUBJECT TO MMiEOJIS 
NffBCMJINliaj 



fl TME BJJECTOM (CENTERS MOSTMBELH] 
BOTHA BE fflTTlKHE OBBOODN GFOOMllOffilll. 
HOME MNO LOME OF RECOPBOCBTlliN 

2 TME TPO BJECTOMS MEJ)§T = NjrL BE 
TME SMNE B.ENBHHI. 

3 TME OOSCC BDOTOTES SECTO0SDIRIB.IL If 

mn© oscoiLiRnraDwoaiLiLv. 

4 TME @0§£ M ©TOTES SECTOMMILILI? 
BN TME SSSNE BMIRiECTBON BS TOE 
ON 0DNO TMEN SECTOIRiffillLIUlP 

N TME iPPOSDTE OBMECTOON 
TO COMPLETE TOE CTOLE. 

5 TME OEiOCE MADS TOM© 088 M0G8E 

CYCLES OF OttSMGENENT ; ONE 0§ 

SVMMETriBICs ONE OS flSSNNMHETBOC 

d OPTDONMO. POONT ON COGBCILE OF 

CENTEMS FOM Q3DBDEN OOMENSOGBNS]). 
ffi TME OEUBCE OOES MiXJJgMJ HlT 

flOWf PODNT ON 0DNW CTCILE. NO 

0010070 ONfflHL MECGMNOSMS GOME 
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W8TTEM1T SPECOFOCIKITON 



POMsE 2C OF 2® BP1P.4 
DOff&BEIlDS MSDCHDNfl m GBEPOCE MMEDE IMXOftiONIB TOD TDflE EBESOEN ©F 

1/nS , QflJ) DTMEDQD"B" TMIE ETOCD MIECMIHINOSMIS, 
QflPBN PMOCM Mi (CUDNMEMT HflDOUL BE , CQBilLID) BE OLOODBLE TO TOflE 

BEFENCE (EE tf [}Q(?DB3EQJlS MfflODNB' = flE SiCM 00 ©EOJDCE CODNNiT BE 

ratmiycEi uphich minces OoEo WTraainr jrmminib , mm bt ds m 

•ONWHHLOB »DCE 9 FJD88 MIMFMCME . 

ft CTHPIRIIHIDSON p OIUIHIDCIKI ICBMIPIRIRES fl iEPIlCE OJDHIICM GD©ES N©T 
PTOCC (DOTM 00 ulEGJOtCE OJUDOOCBS BABES Wmfc , ©N YMQS TOBMIT BLflDNE, 
ONEOCGWES TMOBT TMEGBE E8B0STS flO SOSNOFDCIRINT BDOFFEDBEMCE ©EWE EN 
TOE ©EflTOES . 

SMMHOOOT ©F CiNIPMSiN 
THE GWFEGOENTOGDE 11- 1 SMEGJ , TMBHT TOE (MACES RRE NOT s 

Ho 0DENT0C0DL 2 .SDMIDILRR 3, CKDWTO eOJI©IUISLS? ©EOSDQMBIOJIE . 



4„52 EBEPDCE DD/ flDQD & 
TME (EOFFEOOEfci™ 



0D*/PCI)KEN 



J T&OOS flDEPWCE DS 09 UflNOODEOTol 
iEPOCE FEilNETOGDNONtB IRIS 08 (LOFT 
CBN POTM n SFEtCOtfaiL OH 
jFOllLBIUIER. 

2 TTOfl D S iEQflDCE MODS 00 £W 
FidlLfflttOJlEIRJ. 

3 TO OS iEOJOCE ©(EES N©T DOOOPE Oil 

DOSCC ON OD 



4TMEB8E OS ©ME (COMPiNENT 



11 TK1DS OS N©T 03 iNOPEOTSS 
PEBDBCE . 



2 BOOS OEBJJ0CE flDOES Nil D08D0HE OB 
CODM] F©(L(LSDIDE08o 
5 YHOS 0DEP0CE MODS 00 FREEHI? 
WOWflM© BDflSGC m M'WOKE . 

4} TOME ME TOP© GiHPiNENTS 

wotns mnr leirist seetoi^ 000.1^ . 
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PATENT SPECIFICATION 

PRGE 47 OF 50 
PAGE 3C OF 28 PIP P. 4 

SUMMARY OF COMPARISON 

THE DIFFERENTIAE 1-3 SHEIil , THAT THE DEU ICES ARE NOT : 
1. IDENTICAL 2 .SIMILAR 3. CONTIGUOUSLY DERIURTIUE 



4.33 DEUICE D/GRLU 
THE DIFFERENTIA 



D*/PAKEN 



1 THE DEUICE IMPARTS LINEAA 
MOTION TO A POINT I.E. THE 
PISTON PIN NOT TO THE CONROD. 
A PISTON PIN IS NECESSARY . 

2 THERE IS ONLY A CAM WITHIN 
THE BEARING . 

3 THE DYNAMIC MOTION AT THE 
RECOMMENDED OFFSET IS ONLY 
SLIGHTLY DIFFERENT TO THAT OF 
WITH NO OFFSET . 

4 THIS IS A TWO UECTOA DEUICE . 



1 THE DEUICE IMPARTS A LINEHR 
MOTION TO THE YOKE RND CONROD 
IF IT IS LINEARLY CONSTRAINED 
BY PISTON CYLINDER WALLS (THIS 
CONSTRAINT IS OPTIONAL) . 

2 THEAE ARE TWO COMPONENTS 
WITHIN THE YOKE . 

3 THE DYNAMIC MOTION IS 
SYMMETRIC OR UERY DIFFERENT 
IN THE AS SYMMETRIC MODE. 

4 THIS IS PHYSICALLY A THAEE 
UECTOA DEUICE { A AEOUCED TWO 
UECTOA SET CON DESCRIBE THE 
UECTOR PATH) 



SUMMARY OF COMPARISON 

THE DIFFERENTIAE 1-4 SHEW , THAT THE DEU ICES ARE NOT : 
1. IDENTICAL 
2 .SIMILAR 

3. CONTIGUOUSLY DERIURTIUE . 
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PATENT SPECIFICATION 

PAGE 48 OF 50 

PAGE 4C OF 28 RPP.4 

4.4 DEW ICE D/LIEB 
DIFFERENTIA D*/PAKEN 

1 THE DEUICE IMPARTS A LINEAR 
MOTION TO THE VOKE AND CONROD 
IF IT IS LINERRLV CONSTRAINED 
IV PISTON CYLINDER WALLS (THIS 
CONSTRAINT IS OPTIONAL) . 

2 THE DYNAMIC MOTION IS 
SYMMETRIC OR UERV DIFFERENT 
IN THE ASSYMMETRIC MODE . 



3 THEHE ARE TUJO COMPONENTS 
WITHIN THE YOKE . 

4 THIS IS PHYSICRLLY fl THREE 
HECTOR DEUICE ( R REDUCED TUJO 
JECTOR SET CRN DESCRIBE THE 
HECTOR PATH) 



SUMMAAY OF COMPARISON 

THE DIFFERENTIAE 1 - 4 SHEW , THAT THE DEUICES ARE NOT : 
1. IDENTICAL 
2 .SIMILAR 

3. CONTIGUOUSLY DERIUATIUE . 



1 THE DEUICE 1MPRRTS LINERR 
MOTION TO fl POINT I.E. THE 
PIN NOT TO THE CONROD. 
fl PIN IS NECESSARY . THIS PIN 
IS CONNECTED TO OTHER 
MECHRNISMS . 

2 THE DYNAMIC MOTION IS THE 
SYMMETRIC MOTION PRODUCEO 
8Y AN ECCENTRIC RND CONROD 
WITH CENTERS IN THE LINE OF 
RECIPROCATION. 

3 THERE IS ONLY R CRM WITHIN 
THE BEARING . 

4 THIS IS A TWO UECTOR OEUICE 



SHRKKLflRlOn IP AGENCY PS/C/B6B -6J 



4 



potent stPEOFOiniHnrgoN 

PHASE 4S ©IF 5© 
PODGE 5C ©F 5 

4-5 MOCE D/iZDOD 
GDOFFEiENTBIH) i*/[P(R)CCEM 



H THE iEDDDCE HWHRTS El LDNEODOB 


D TOE GBEflJflCE OMPOWS OH lONEM 


1 NOTOON TO (Rl POONT OX TOE 


MOTOON TO TIME TOKE ODNi CONIOID) 


1 pdston pom d ea pdn os 


OF QT OS OJNEIRIIHHLI? CONSTKIRI 0 NE© 


I NEEESS1RJGW. 


[TO POSTON CTflJNOEISi KJMdlLS (fTIKMS 




CBDMSTTIRifRlOMir nS iWTflrtflWlfillLT) 

U#U£J 1 Nl U U u U U U 1 >J U U *D \u/ U U U ^IM u U IU J/ 0 


2 TOE OTNfflMBC NOTOON OS OH 


2 TOE OVNODMDC OOSPIL 05/ CEMENT 


(UUHlffS DODOS D.E (RIND ODNCEOOTlHIflN 


P03TO OS IRS 8 ©0 DDL 1 !? ffiEPEOTIRllSILE 


ODDSPILIHCEMENT PBOT . 


ONOEPENOENT iF ILGDM » ONCE TOE 




LUI U | UU»IMv U U^lNw U U 1 Nl 1 U U& LLU li. u U U U Li** 






3 TOE CflOBNK CONSOSTQNtB OF 1 


^jj U LTULu kwLAJrMJ U %o U INJuLlIAJinJLjiJLL. U LLU 11 uulu 


£R) SHRIFT 0DNO CiffONCC 0D08M DS 


TOCCE TO GSEMONO . 


EBCTEIRlNlftllL TO YIKIIF fSiHP^IfR? D M(B 




4 TOOS OS GD FGM QflEOTO GDEQJOCE,, 


4 TMOS OS PMV§BOI)ll.lL.V 09 TOG8EE 




0JECTORI OEM 0 EE (1 051 OBEflBflDCEOD TOJini 




BUECTOIRl SET CKN ©ESCBBBIBE TOE 




Q0ECTOBB P0HTOD 


5 TOEIR1E HIRE TOGBEE BOTIH)T0N(B 


5 TOEOBE (KOBE TOP© BBOTOTON® 


COMPONENTS CONNECTED TO TOE 


(COMPONENTS CONNECTED!) TUB TOE 


GBEIRI HUONG) . 

1 


GSEOlRiONtB . 



SOMMGW OF (DQDMIPRDB 0 SODM 

TOE 05 AFFERENT!) ODE 11-4 SMEOIIiJ „ TOOT TOE ©EiflCES {RUBE NOT s 
Do OOENTOOL 
2 .SOMQBJBIRS 

3. (CBDNTJKBOJKDIOJSLH? MOilRJTOE . 
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